• We examined whether neonatal sociality, temperament, and early social experience 25 predicted juvenile social status in rhesus macaques (Macaca mulatta). 26
12
group (along with non-mother-reared infants; described below) consisting of similar-aged peers 249 and one adult male. 250
Non-mother-reared subjects 251
Twenty (9 males; 11 females) infants (10 from 2013 cohort; 10 from 2014 cohort) were 252 born from mothers in the harem groups, but on the day of birth (typically by 8 am), infants were 253 separated from their mothers and reared in a nursery for unrelated studies. All housing 254 arrangements contained an inanimate fleece surrogate, loose pieces of fleece fabric, and various 255 plush, plastic, and rubber toys. For the first month of life, infants could see and hear, but not 256 physically contact, other infants of similar age. Human caretakers were present for 13 hours each 257 day, and interacted with infants every two hours for feeding and cleaning in addition to other 258 assessments. Infants were bottle fed Similac formula. Starting at 16 days of age, infants were 259 additionally offered Purina LabDiet #5045 High Protein Monkey Diet chow. Lights were on 260 from 7:00 to 21:00. For unrelated studies, infants were randomly assigned to one of two rearing 261 conditions when the youngest infant of the group turned 37 days. Half of these infants (N=9: 3 262 males; 6 females) were surrogate-peer-reared, individually placed in a large cage and given daily 263 two-hour play sessions with three to four other peers each weekday. The other half of these 264 infants (N=11: 6 males, 5 females) were peer-reared, placed in a large cage with three to four 265 peers, providing continuous access to other peers. Infants were individually housed in incubators 266 (51 × 38 × 43 cm) for the first two weeks of life and in larger cages (61 × 61 × 76 cm) thereafter, 267 until approximately 8 months of age, when all infants were introduced into a novel social group 268 (along with mother-reared infants) of similar-aged peers and one adult male (described below). 269 We classified all infants reared in the nursery as non-mother-reared (N=20) because sample sizes 270 13 precluded us from analyzing peer-reared (N=11) and surrogate-peer-reared (N=9) infants 271 separately. 272
Group formation 273
At approximately 8 months of age, all infants were moved into one large social group 274 consisting of both mother-reared and non-mother-reared infants and one unrelated adult male. 275
The groups lived in indoor (7.3 x 3.4 x 3.7m) and outdoor (corncrib measuring 5.03 x 5.03 x 5.49 276 m) habitats. The mother-reared and non-mother-reared subjects born in 2013 all lived in one 277 social group, and the mother-reared and non-mother-reared subjects born in 2014 all lived in 278 another, distinct social group. It is important to note that these social groups now consisted only 279 of similar-aged peers plus one unrelated adult male; the mothers were not present and could not 280 influence the social hierarchy of the peer groups. 281
Data collection 282

Neonatal imitation 283
We tested 19 of the 20 non-mother-reared infants for neonatal imitation three times per 284 day, every other day, in the first week of life (days 1-2, 3-4, 5-6, and 7-8), for up to four days 285 Simpson et al., 2016) . Neonatal imitation tests were done on non-mother-286 reared infants only due to the extensive nature of testing (although previous studies have been 287 conducted on mother-reared infants; see Vanderwert et al., 2015) . One infant was rejected from 288 his mother and subsequently reared in the nursery and therefore was not included in neonatal 289 imitation testing due to his older age (34 days) before arriving in the nursery. There was at least 290 an hour between each test session. A demonstrator presented infants with three stimuli, one 291 during each session, at a distance of approximately 30 cm at eye-level with the infant: a 292 14 lipsmacking gesture (LPS; rapid opening and closing of the mouth), a tongue protrusion gesture 293 (TP; slow protrusion and retraction of the tongue, ca. one gesture per second), and a nonsocial 294 control condition (CTRL; a white plastic disk with orthogonal stripes-which were either 295 black/red or green/yellow-slowly rotated clockwise and counter-clockwise). Each stimulus type 296 was presented once a day to infants; the order of stimulus presentations remained the same for 297 each infant but was randomized between infants. In each test session, one experimenter held the 298 infant, a second experimenter-the demonstrator-served as the source of the stimuli, and a third 299 experimenter was the time-keeper who ensured stimuli were presented for appropriate lengths. 300
All sessions were videotaped. Individual demonstrators were randomly assigned to conditions 301 but remained consistent across days within each infant. 302
At the beginning of a trial, there was a 40-s baseline phase in which the demonstrator 303 displayed a calm, neutral facial expression (or the still disk in CTRL). During the subsequent 304 stimulus phase, the demonstrator displayed a facial movement (LPS or TP) or rotated the disk for 305 20-s followed by a still/neutral facial expression (still disk in CTRL) period for 20-s. This 306 movement-still face sequence was repeated once and ended with an additional 20-s movement 307 period (total of 100-s stimulus phase). Facial gesture responses (LPS and TP) were coded by an 308 experimenter blind to the experimental condition. For analyses, responses in each phase were 309 converted to a rate by adjusting to a common time period. 310
We examined interindividual differences in neonatal imitation by utilizing a continuous 311 behavioral measure of the strength of the imitative response (Simpson, Paukner, Sclafani, Suomi, 312 & Ferrari, 2013 and subtracted from it LPS rate produced in Baseline. This difference score was computed for 320 the LPS and CTRL conditions, and we subtracted the CTRL condition from the LPS condition to 321 obtain the difference of the difference scores. The resulting value was positive, and thus infants 322 are classified as imitators, if there was a greater imitative response in the LPS condition, and zero 323 or negative (non-imitators) if there was an equal or greater response in the CTRL condition. We 324 calculated the TP Imitation Index in the same way: rate of TP gestures produced in the Stimulus 325 period and subtracted from it the TP rate produced in Baseline, and subtracted this difference 326 score in the CTRL condition from the difference score in the TP condition. 327
Neurobehavioral assessments 328
At days 14 and 30 ± 2 days of life, we performed routine neonatal neurobehavioral 329 assessments (the Brazelton Neonatal Behavioral Assessment Scale; Schneider, Moore, Suomi, & 330 Champoux, 1991) on 31 of the 33 infants (12 mother-reared; 19 non-mother-reared). Two infants 331
(1 mother-reared and 1 non-mother-reared) were excluded from neonatal assessments, as one 332 infant was too old for testing before coming to the nursery, and one was only tested on day 14. 333
The 30-min assessments examined infants' reflexes, motor development, and emotional 334 reactivity. Infants were rated on each measure on a scale ranging from 0 to 2 in 0.5 increments, 335 with 0 reflecting a very weak response and 2 reflecting a very strong response. Two variables 336 (irritability and consolability) were originally scored during the assessment in reverse order (0 337 reflecting a very strong response and 2 reflecting a very weak response) and were thus reverse 338 16 coded for consistency so that all variables were scored with higher values reflecting higher 339 reactivity. We examined six emotional reactivity variables, which consisted of soothability, the 340 infants' ability to calm itself; irritability/ consolability, the amount of struggle exhibited by the 341 infant during the assessment; and the predominant state of the infant (calm or stressed; see also 342
Suarez-Jimenez et al., 2013). All six variables were combined to create an 'emotional reactivity 343 composite' variable for both days 14 and 30 of life. Emotional reactivity composite variables 344 could therefore range from 0 (absent emotional reactivity) to 12 (very strong emotional 345 reactivity). We examined both the average emotional reactivity composite (average for the first 346 month of life) and the change in emotional reactivity (day 30 emotional reactivity composite -347 day 14 emotional reactivity composite). 348
Early social experience: rearing environment and maternal social status 349
Infants were pseudo-randomized to one of the two rearing conditions: mother-rearing or 350 non-mother-rearing for the first 8 months of life. Briefly, infants were balanced across mothers to 351 ensure that a mother had both mother-reared and non-mother-reared infants over time and were 352 balanced across both high and low status mothers. with the initial value set at 1,000 and the k value set at 200. We calculated an average Elo-rating 362 for each infant's mother starting at the infants' birth (in either 2013 or 2014 depending on the 363 cohort) through the first 8 months of life. As group sizes differed, we calculated the relative 364 social status by taking the number of animals outranked by the target animal, divided this 365 number by the total number of animals in the social group, and subtracted it from 1. Relative 366 social status therefore ranged from 0.05 (lowest-ranking) to 1 (highest-ranking). 367
Juvenile social status 368
Social status on the two juvenile social groups was collected from March 2016 to end of 369
May 2016, when the subjects were two (2014 cohort) and three years old (2013 cohort), 370
representing the juvenile period. Dominance data were collected 2-3 times per week by one 371 observer in which all instances of aggression (threats, chases, attacks) and submission 372 (displacements, fear grimaces) were recorded, following the same scheme as the maternal harem 373 group observations. 1,412 interactions were recorded for the 2013 cohort, and 959 interactions 374 were recorded for the 2014 cohort. Social status was established via Elo-rating. We calculated an 375 average Elo-rating for the entire study period and then transformed this average Elo-rating into a 376 relative social status following the same procedure as for the mothers. 377
Statistical analyses 378
Linear regression was used to assess whether neonatal imitation in the first week of life 379 and the emotional reactivity from days 14 to 30 of life predicted significant variation in relative 380 juvenile social status within their social groups. Given that the sample sizes were different for 381 each of these variables (neonatal imitation: n=19; emotional reactivity: n=31), we ran two 382 separate linear regressions to maximize the sample size for each variable. To examine whether 383 18 early social experience (rearing and maternal social status) predicted significant variation in 384 juvenile relative social status, we ran a separate multiple linear regression (as rearing and 385 maternal social status were available on all subjects; N=33), reporting the change in the R 2 value. 386
All means are reported as mean ± SD. Unless indicated otherwise, all analyses were performed 387 in SPSS 24. Alpha values were set at 0.05. 388
Results 389
Do neonatal imitation and emotional reactivity predict juvenile social status? 390
Neonatal imitation scores in the first week of life ranged from -6.60 to 13.88 (M=1.30 ± 391 5.10). Linear regression revealed that the imitation index positively predicted juvenile social 392 status (F(1,17)=5.38, R 2 =0.24, P=0.03, β=0.49; see Figure 1 and Table 1) , with imitators 393 achieving higher social statuses at 2-3 years of age than non-imitators (supporting prediction 1). 394
It is important to note that neonatal imitation data only included non-mother-reared infants. 395
Emotional reactivity scores from the neurobehavioral assessments in the first month of 396 life ranged from 0 to 12 on day 14 (M=4.55 ± 4.19) and day 30 (M=6.14 ± 4.48). The change 397 from days 14 to 30 ranged from -2.5 to 6.5 (M=1.60 ± 2.38). Mother-reared infants exhibited 398 greater average emotional reactivity composites for the first month of life than non-mother-399 reared infants (F(1,29)= 83.09, R 2 =0.74, P<0.001, β=0.86), but there was no significant 400 difference in the change with age (i.e., day 30-day 14) in emotional reactivity (F(1,29)= 0.81, 401 R 2 =0.03, P=0.38, β=0.17) across mother-reared and non-mother reared infants. We therefore 402 only examined whether the change with age in emotional reactivity predicted juvenile social 403 status, as rearing was a possible confounding variable. The change in emotional reactivity from 404 days 14 to 30 of life positively predicted a significant portion of the variance in juvenile social 405 Future research should investigate these potential relationships. Finally, it is worthy to note that 454 the non-mother-reared infant macaques in this study were required to imitate a human and not a 455 conspecific, which could potentially complicate the interpretation of our findings. However, a 456 previous study found that neonatal macaques that engaged in greater lipsmacking imitation with 457 a human observer also displayed heightened visual preferences with a conspecific avatar (i.e. Given that social status in humans can encompass a variety of definitions (education level, 493 income, popularity, social hierarchy, etc.), it is also important to emphasize that monkey studies 494 may be applicable to certain aspects of social status that are ecologically relevant to both species 495 (i.e., social hierarchies are applicable to both monkeys and humans; education and income are 496 (Chlorocebus pygerythrus) that were rated as more impulsive were more likely to become alpha 514 males as adults (6 years of age) compared to those that were less impulsive. However, as adults 515 the alpha males decreased in impulsivity to similar levels as low-ranking males, suggesting a 516 possible moderation of current status on personality. Ideally, we would have concurrent 517 measures of juvenile temperament to examine the stability of neonatal characteristics and the 518 relationship between current social status and temperament. In the future, we plan to analyze a 519 24 variety of socio-cognitive assessments through developmental stages to examine the stability of 520 temperament over time and effects on social, cognitive, and health outcomes. Unsurprisingly, 521 previous research found that temperament measured in infant rhesus macaques (at 3 months of 522 age) is relatively stable across a variety of socio-cognitive tasks up to at least 4.5 years of age 523 (Capitanio, 1999) and can predict other forms of sociality such as affiliation (Weinstein & 524 Capitanio, 2008) . . The presence of consistent primary caretakers (e.g., mother, father, grandparents) early in 538 life, who serve as valuable attachment figures (Tarullo & Gunnar, 2005) , enable infants to learn 539 to recognize important social cues and how to respond appropriately, which is a fundamental 540 aspect of sociality (Kanai et al., 2012) . Indeed, adult non-mother-reared monkeys, compared to 541 mother-reared monkeys, display greater behavioral inhibition in response to a mild challenge (an 542 25 unfamiliar human; Corcoran et al., 2012) . A greater tendency for inhibition may explain why 543 non-mother-reared monkeys, as compared to mother-reared monkeys, were more likely to 544 become socially subordinate, as they may be more likely to respond to conspecific social cues 545 with submission (freezing or moving away) rather than aggression. 546
We found little evidence supporting the notion that macaque social status is inherent or 547 that infants are born into a particular social stratum, independent of experience. The absence of 548 the mother (and other kin), and the resulting lack of a similar status in the infants as in the 549 mothers in the current study, indicates that maternal rank inheritance is achieved via the mother's 550 presence, at least during some point in development. The mother does not need to be present 551 indefinitely, but likely needs to be present to "jumpstart" the process of rank inheritance. Indeed, 552 non-mother-reared monkeys, who have not experienced their mother's social status, did not 553 achieve a similar status as their mothers. The same null finding for mother-reared animals at first 554 is counterintuitive to this argument. However, it is important to note that, even for mother-reared 555 infants, there were many (5) harem groups, meaning that some groups of infants were not reared 556 together for the first 8 months. Mother-reared infants that were reared together however, did 557 obtain identical relative statuses to each other as their mothers, 2-3 years later, meaning the 558 offspring of the higher-ranking mother was also higher-ranking than the peers with whom they 559 were reared. Our results provide preliminary evidence that maternal rank inheritance persists for 560 mother-reared individuals initially reared together. This finding is similar to previous studies 561 indicating that infants reared in large multigenerational groups obtained identical relative ranks 562 as their mothers following separation , even following social instability, 563
suggesting that their relative ranks were socially transmitted early in development (i.e., within 564 the first 8 months of life) and persistent. Given that social status is a characteristic of 565 26 relationships, it is possible that early relationships in infancy may be maintained through at least 566 juvenility. While considerably less is known about the social transmission of SES in human 567 societies, which are understandably more complex than monkey societies, future research should 568 investigate potential genetic and prenatal/postnatal environmental sources of SES transmission 569 (Huston, McLoyd, & Coll, 1997) . 570
This study is not without limitations. First, our small sample size warrants future 571 investigation and replication. In addition, while the change in emotional reactivity from days 14 572 to 30 of life was not predicted by rearing, the average emotionality score across both ages was, 573
revealing that as a whole, mother-reared infants were overall more emotionally reactive than 574 non-mother-reared infants. This result is likely not only due to rearing itself, but also possibly 575 unfamiliarity with the testing environment (see Wachs infants can voluntarily partake in cognitive studies (Dettmer, Murphy, & Suomi, 2015) . This 581 adjustment will allow for a meaningful comparison between different rearing environments 582 without the possible confound of distress from maternal separation for mother-reared individuals. 583
Finally, although our study was intentionally designed to examine predictors of status acquisition 584 in groups in which there were no sources of kin support that would undoubtedly influence status 585 outcomes, we acknowledge that in naturalistic groups (including humans), the absence of kin 586 support would be unlikely. In groups where there is a social transmission of status (such as in 587 rhesus macaques), it may be more likely that individual characteristics may instead influence 588 
